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Abstrat
We reonsider the role that the possible detetion of lepton avour violating (LFV) deays of
supersymmetri partiles at the Large Hadron Collider (LHC) an play in helping reonstrut the
underlying neutrino mass generation mehanism within the simplest high-sale minimal supergrav-
ity (mSUGRA) seesaw shemes. We study in detail the LFV salar tau deays at the LHC, assuming
that the observed neutrino masses arise either through the pure type-I or the simpler type-II seesaw
mehanism. We perform a san over the mSUGRA parameter spae in order to identify regions
where lepton avour violating deays of χ0
2
an be maximized, while respeting urrent low-energy
onstraints, suh as those oming from the bounds on Br(µ → eγ). We estimate the ross setion
for χ0
2
→ χ0
1
+ τ +µ. Though insuient for a full reonstrution of the seesaw, the searh for LFV
deays of supersymmetri states at the LHC brings omplementary information to that oming
from low energy neutrino osillation experiments and LFV searhes.
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I. INTRODUCTION
Neutrino osillation experiments [1℄ have provided the rst signal of physis beyond the
standard model (SM). These measurements show that (a) neutrinos have a non-zero mass
and (b) lepton avour is violated. So far there is no experimental data that indiates that
lepton number is also broken. However, one expets neutrinos to be Majorana partiles,
their mass at low energy being desribed by a unique (∆L = 2) dimension-5 operator [2℄
Lmν =
f
Λ
(HL)(HL). (1)
where Λ is some high energy sale, f a dimensionless oupling onstant, and H (L) the
Higgs boson (lepton) doublets, respetively. Many model realizations of eq. (1) exist, the
most famous being the seesaw mehanism. The latter an be implemented via the exhange
of a heavy singlet fermion, usually alled type-I seesaw [3, 4, 5, 6℄. The exhange of a salar
triplet [6, 7, 8, 9, 10, 11℄ is now known as type-II seesaw
1
. The exhange of a fermioni
triplet [12℄ is alled type-III seesaw in [13℄. A list of generi 1-loop realizations of eq. (1) an
also be found in [13℄. Further seesaw realizations, suh as the inverse and the linear seesaw,
are disussed in [14℄.
At low energies one annot deide whether tree-level or loop physis generates eq. (1),
nor an any measurements of neutrino angles, phases or masses distinguish between the dif-
ferent tree-level seesaw realizations. Under the assumption of a pure type-I or pure type-II
minimal supergravity seesaw mehanisms, we reonsider here the prospets for reonstrut-
ing the underlying high energy parameters from a ombination of dierent measurements.
Clearly, observables outside the neutrino setor are needed in order to ultimately learn about
the high energy parameters haraterizing the seesaw. The lassial tree-level realizations
of the simplest type-I seesaw mehanism, unfortunately, an not be put to the test in a
diret way. This an be straightforwardly understood by inverting eq. (1), whih results in
Λ ∼ f
(
0.05 eV
mν
)
1015 GeV.
If the CERN LHC, due to take rst data, nds signs of eletroweak sale supersymmetry,
indiret insight into the high-energy world might beome possible through the searh for
avour violation eets [15, 16℄. Starting from avour diagonal soft supersymmetry breaking
terms at some high energy uniation sale, avour violation appears at lower energies due
to the renormalization group evolution of the soft breaking parameters [17, 18℄. If the seesaw
mehanism is responsible for the observed neutrino masses, the neutrino Yukawa ouplings
leave their imprint in the slepton mass matries as rst shown in [19℄. Potentially large
LFV is then indued by the avour o-diagonal struture in the Yukawa ouplings required
by the large mixing angles observed in osillation experiments [20℄. Expetations for LFV
deays suh as li → lj + γ and li → 3lj in the supersymmetri seesaw have been studied in
[21, 22, 23, 24, 25, 26℄. For the related proess of µ− e onversion in nulei see, for example
[27, 28℄. The potential of LHC experiments in probing the allowed seesaw parameters
1
This is the opposite onvention to that used in [6℄.
2
through measurements of masses and branhing ratios of supersymmetri partiles has been
also disussed in Refs. [29, 30, 31, 32, 33℄.
In two previous studies [34, 35℄ we have pointed out that ratios of branhing ratios are
espeially useful for learning about the unknown seesaw parameters. In [34℄ the ase of
type-I seesaw was disussed, whereas [35℄ addresses the ase of seesaw type-II. For the type-
I seesaw, there are in general too many unknown parameters that prelude making any
denite preditions for LFV deays. In ontrast, in the simplest type-II seesaw model (with
only one triplet oupling to standard model leptons) neutrino mixing angles an be related
to ratios suh as Br(τ˜2 → eχ01)/Br(τ˜2 → µχ01).
It has been shown that, to a good approximation, suh ratios do not depend on the
mSUGRA parameter values. However, from an experimental point of view, alulations of
absolute event rates are needed, before ratios of dierent nal state hannels an be studied.
In [34, 35℄ we took as referene just a few benhmark mSUGRA points, for whih we have
made detailed studies. In the present paper we alulate branhing ratios and event rates
over a large region of mSUGRA parameter spae, in order to identify the maximal number
of events one an expet in experiments at the LHC, while still respeting all low-energy
onstraints.
The rest of the paper is organized as follows. In the next setion we give a short summary
of the theoretial setup. In setion III we desribe our numerial proedure and present our
results. Finally we lose in setion IV with a disussion and a short summary.
II. THEORY SETUP
In order to x the notation, we will briey disuss the main features of the seesaw meh-
anism and mSUGRA. The type-I supersymmetri seesaw onsists in extending the partile
ontent of the MSSM by three gauge singlet right-handed neutrino superelds. The lep-
toni part of the superpotential is then
W = Y jie L̂iĤdÊ
c
j + Y
ji
ν L̂iĤuN̂
c
j +MiN̂
c
i N̂
c
i , i, j = 1, . . . , 3, (2)
where Ye and Yν denote the harged lepton and neutrino Yukawa ouplings, while N̂
c
i are the
right-handed neutrino superelds with Mi Majorana mass terms. One an always hoose
a basis in whih the Majorana mass matrix of the right-handed neutrinos is brought to
diagonal form MˆR = diag(M1,M2,M3). Without loss of generality we will also assume that
eq. (2) is written in the basis where the harged lepton Yukawa matrix is already diagonal.
In this simple setup, the type-I seesaw model, as dened by eq. (2), is haraterized by a
total of 21 parameters, from whih only 12 are measurable in the low-energy theory, as we
disuss below.
The eetive mass matrix of the left-handed neutrinos at low energies is then given as
mν = −v
2
u
2
Y Tν · Mˆ−1R · Yν , (3)
3
so that, for eah right-handed neutrino, there is one non-zero eigenvalue inmν . In eq. (3) we
use the notation 〈Hu,d〉 = vu,d√
2
for the vauum expetation values of the neutral omponents
of the Higgs boson doublets.
The parameters of eq.(2) are dened at the Grand Unied Theory (GUT) sale, whereas
the entries of eq. (3) are measured at low energies. In order to onnet these two sales we
numerially solve the full set of renormalization group equations (RGE) [22, 36℄.
Being omplex symmetri, the light Majorana neutrino mass matrix in eq. (3), is diago-
nalized by a unitary 3× 3 matrix U [6℄
mˆν = U
T ·mν · U . (4)
Inverting the seesaw equation, eq. (3), allows to express Yν as [37℄
Yν =
√
2
i
vu
√
MˆR · R ·
√
mˆν · U †, (5)
where mˆν is the diagonal matrix withmi eigenvalues and in generalR is a omplex orthogonal
matrix. Note that, in the speial ase R = 1, Yν ontains only diagonal produts
√
Mimi.
In this simplied ase the 18 parameters in Yν are redued to 12. Note that in general type-I
seesaw shemes, the unitary matrix diagonalizing the eetive neutrino mass matrix diers
from the lepton mixing matrix by terms of order D/MR, where the D = Yνvu. For the
high-sale shemes onsidered here one an safely neglet these deviations
2
. In this ase
we an set the diagonalization matrix as the lepton mixing matrix (partially) determined in
neutrino osillation measurements.
Implementing the type-II seesaw mehanism within supersymmetry requires at least two
SU(2) triplet states T1,2. A salar triplet with mass below the GUT sale hanges the
running of g1 and g2 in an unwanted way and gauge oupling uniation is lost. If instead
one adds only omplete SU(5) multiplets (or GUT multiplets whih an be deomposed
into omplete SU(5) multiplets) to the standard model partile ontent, the sale where
ouplings unify remains the same (at one loop level), only the value of the GUT oupling
itself hanges [38℄.
Our numerial alulation uses an SU(5) inspired model [39℄, whih adds a pair of 15
and 15 to the Minimal Supersymmetri Standard Model (MSSM) partile spetrum. This
variant of the type-II seesaw mehanism, as disussed above, allows us to maintain gauge
oupling uniation even for MT ≪ MG, MG being the uniation sale. Under SU(3) ×
SUL(2)× UY (1) the 15 deomposes as
15 = S + T + Z (6)
S ∼ (6, 1,−2
3
), T ∼ (1, 3, 1), Z ∼ (3, 2, 1
6
).
2
However for other type-I shemes, like the inverse seesaw [26, 28℄ this approximation fails and leads to
large LFV from right-handed neutrino exhange, even in the absene of supersymmetri ontributions.
For a systemati perturbative seesaw diagonalization method that overs all ases see the seond paper
in Ref. [6℄.
4
T has the orret quantum numbers to generate the dimension-5 operator of eq. (1). The
SU(5) invariant superpotential reads
W =
1√
2
Y
15
ij 5¯i · 15 · 5¯j +
1√
2
λ15¯H · 15 · 5¯H + 1√
2
λ25H · 15 · 5H +Y5ij 10i · 5¯j · 5¯H
+ Y10ij 10i · 10j · 5H +M1515 · 15+M55¯H · 5H . (7)
Here, 5¯ = (dc, L), 10 = (uc, ec, Q), 5H = (t, H2) and 5¯H = (t¯, H1). Below the GUT sale, in
the SU(5)-broken phase, the superpotential ontains the terms
1√
2
(Y ijT LiT1Lj + Y
ij
S d
c
iSd
c
j) + Y
ij
Z d
c
iZLj + Y
ij
d d
c
iQjHd + Y
ij
u u
c
iQjHu + Y
ij
e e
c
iLjHd
+
1√
2
(λ1HdT1Hd + λ2HuT2Hu) +MTT1T2 +MZZ1Z2 +MSS1S2 + µHdHu . (8)
As long as MZ ∼ MS ∼ MT , gauge oupling uniation will be preserved. Note that exat
equality is not required for a suessful uniation. In our numerial studies we have taken
into aount the dierent running of these mass parameters.
Integrating out the heavy triplets at their mass sale, the dimension-5 operator of eq. (1)
is generated and after eletroweak symmetry breaking the resulting neutrino mass matrix
an be written as
mν =
v2u
2
λ2
MT
YT . (9)
As in the ase of the type-I seesaw, eq. (9) depends on the energy sale. In order to ompute
the neutrino mass mν measured at low energies, one needs to know λ2, YT and MT as input
parameters at the high energy sale. As will be disussed in setion III, one an use an
iterative proedure in order to nd the high sale parameters from the low energy measured
quantities.
Note that, without loss of generality, we have the freedom to write eqs. (2) and (7) in the
basis where the harged lepton mass matrix is diagonal, tting the orresponding Yukawa
ouplings so as to reprodue the three measured harged lepton masses. However note that
there are important dierenes between the type-I and type-II seesaw shemes. For example,
in ontrast to type-I, in a pure type-II seesaw sheme the unitary matrix U that diagonalizes
eq. (9) oinides with the lepton mixing matrix studied in neutrino osillations. Moreover, in
sequential type-I seesaw for eah right-handed neutrino added there is one non-zero light
neutrino mass eigenstate
3
. In ontrast, in type-II seesaw one an produe three neutrino
masses with just one pair of triplet superelds, with only one triplet diretly oupling to
leptons. This implies that in the minimal type-II seesaw one has less parameters than in
the sequential type-I seesaw. Indeed from the 12 parameters in the omplex symmetri YT
3
We do not onsider here the possibility of having just two right-handed neutrino states in the type-I seesaw,
alled (3,2) in Ref. [6℄. This ould well aount for the urrent neutrino data with just 12 parameters,
instead of the 18 haraterizing the sequential (3,3) seesaw onsidered here.
5
matrix, one an remove 3 phases by redening the harged leptons [6℄. In addition, from the
3 omplex parameters λ1,2 and MT , one does not enter, as only one of the triplets ouples
to leptons, and nally, two of the three phases an also be removed by eld redenitions.
The net result is that there are only 11 physial parameters governing neutrino physis [35℄.
This number is substantially smaller than the 18 free parameters desribing the simplest
type-I seesaw sheme ontaining three right-handed neutrinos [40℄
4
.
At low energies a maximum of 9 neutrino parameters an be xed by measuring lepton
properties: 3 neutrino masses, 3 mixing angles and 3 CP phases. Thus from neutrino data
only, neither type-I nor type-II seesaw shemes an be ompletely reonstruted, even in
their simplest realizations. However, espeially important in the following is the fat that
low-energy neutrino angles are diretly related to the high-energy Yukawa matrix in the
type-II seesaw, whereas no suh simple onnetion exists in the seesaw type-I (see also the
disussion in [41℄).
As already ommented, to a good approximation the lepton mixing matrix may be taken
in unitary form, with three mixing angles θij , and three physial CP phases φij [6℄. Of
these only the leptoni analogue of the Kobayashi-Maskawa phase δ, taken as the invariant
ombination δ ≡ φ12 − φ13 + φ23 would enter the lass of LFV proesses disussed in this
paper, so that we get the standard form,
U =


c12c13 s12c13 s13e
−iδ
−s12c23 − c12s23s13eiδ c12c23 − s12s23s13eiδ s23c13
s12s23 − c12c23s13eiδ −c12s23 − s12c23s13eiδ c23c13

 (10)
where sij ≡ sin θij , cij = cos θij . Sine no urrent experiment is sensitive enough to probe
leptoni CP violation we take, for simpliity, δ = 0. Neutrino osillation experiments an
be tted with either a normal hierarhial spetrum (NH), or with an inverted hierarhy
(IH) one. If one does not insist in ordering the neutrino mass eigenstates mνi, i = 1, 2, 3
with respet to inreasing mass, the matrix U an desribe both possibilities without re-
ordering of angles. In this onvention, whih we will use in the following, mν1 ≃ 0 (mν3 ≃ 0)
orresponds to normal (inverse) hierarhy and s12, s13 and s23 are the angles in both types
of spetra. Basially s12 is measured in solar + reator experiments, s23 in atmospheri +
aelerator experiments and s13 is onstrained by reator neutrino osillation data.
In the general MSSM, LFV o-diagonal entries in the slepton mass matries involve
additional free parameters whih arise from the mehanism of supersymmetry breaking. In
order to relate LFV in the slepton setor with the LFV enoded in Yν or YT one must
assume some partiular sheme for supersymmetry breaking. For simpliity and deniteness
we will adopt mSUGRA boundary onditions, haraterized by four ontinuous real and one
disrete free parameter, usually denoted as
m0, M1/2, A0, tanβ, Sgn(µ) . (11)
4
We are treating the three harged lepton masses as experimentally determined parameters.
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Here, m0 is the ommon salar mass, M1/2 the gaugino mass and A0 the ommon trilinear
parameter, all dened at the grand uniation sale, MG ≃ 2 · 1016 GeV. The remaining two
parameters are tanβ = vu/vd and the sign of the Higgs mixing parameter µ.
In order to have a qualitative understanding of the magnitudes of the LFV rates we rst
present approximate leading-log analytial solutions for the renormalization group equa-
tions
5
. For the ase of type-I seesaw, the LFV elements indued in the harged left-slepton
mass matrix by renormalization group evolution an be approximated as [22℄
(∆M2
L˜
)ij = − 1
8pi2
(3m2
0
+ A2
0
)(Y †ν LYν)ij , (12)
where Yν is given in terms of the neutrino parameters by eq. (5) and the fator L is dened
as
Lkl = log
(MG
Mk
)
δkl . (13)
Similarly, one an get an analogous approximate expression for the o-diagonal elements
of the harged left-slepton mass matrix haraterizing LFV in type-II seesaw shemes [39℄.
III. NUMERICAL RESULTS
Due to the non-trivial struture of the neutrino Yukawa matrix Yν in eq. (5) and of
YT in eq. (9) for type-I and type-II seesaw, respetively, the slepton mass matries ontain
alulable LFV entries [17, 19℄. In order to determine their magnitude we solve the omplete
set of renormalization group equations, given in [22, 36, 39℄. All results presented below have
been obtained with the lepton avour violating version of the program pakage SPheno [43℄,
where the RGEs for the MSSM part are implemented at the 2-loop level. For deniteness we
set neutrino mass squared dierenes to their urrent best t values [20℄ and x the angles
to the Tri-Bi-Maximal (TBM) values [45℄.
Fixing the values of other mSUGRA parameters, we used SPheno to perform a numerial
san over the m0-M1/2 plane. For eah point in this plane, we adjust the value of MR (MT )
in order to keep the low energy LFV observable BR(µ→ eγ) within its present experimental
upper bound or within the expeted sensitivity of the upoming experiments [44℄.
For type-I seesaw our numerial proedure to t these masses is as follows. As we have
already ommented, the large number of free parameters haraterizing even the simplest
type-I seesaw shemes fores us to make simplifying assumptions in inverting the seesaw
equation, eq. (5). As a rst step we assume degenerate right-handed neutrinos and the
simplest possible, avour-blind, struture for the matrix R, i.e.
R = 1, MˆR ij = MR δij . (14)
5
Note that in the numerial ode that leads to the results presented in our plots we have numerially solved
the full set of RGEs.
7
Moreover, we x the values of the light neutrino masses and Yukawa ouplings to reprodue
the TBM angle values. In order to determine the resulting LFV observables we numerially
integrate the renormalization group equations taking into aount the avour struture of
the Yν matrix. We integrate out every right-handed neutrino and its superpartner at the
sale assoiated to its mass, and alulate the orresponding ontribution to the dimension-
ve operator whih is evolved to the eletroweak sale. This way we obtain the exat
neutrino masses and mixing angles for this rst guess. The dierene between the results
numerially obtained and the input numbers is then minimized in an iterative proedure
until onvergene is ahieved.
For the type-II seesaw the alulations are performed for the 15-plet ase, under the
assumption YZ = YT = YS at MG, as disussed above, and inluding the one-loop RGEs
for the new parameters in SPheno. For onsisteny, we have also inluded 1-loop threshold
orretions for gauge ouplings and gaugino mass parameters at the sale orresponding to
the mass of the triplet, MT . The MSSM part is implemented at the 2-loop level and, thus,
in priniple one should also onsistently inlude the eet of the 15-plets for all parameters
at this level. However, as disussed in [35℄, the orret t of the neutrino data requires
that either the triplet (15-plet) Yukawa ouplings are small and/or that MT is lose to MG,
implying that the ratio MT/MG is signiantly smaller than MG/mZ and thus one expets
only small eets. Inverting the seesaw equation for any xed value of λ2 in eq. (9), one an
get a rst guess of the Yukawa ouplings for any xed values of the light neutrino masses
as a funtion of the orresponding triplet mass. This rst guess will not give the orret
Yukawa ouplings, sine the neutrino masses and mixing angles are measured at low energy,
whereas for the alulation of mν we need to insert the parameters at the high-energy sale.
However, we an use this rst guess to numerially run the RGEs to obtain the exat neutrino
parameters (at low energies) for these input values. The dierene between the results
obtained numerially and the input an then be minimized in a simple iterative proedure
until onvergene is ahieved. As long as neutrino Yukawas are not large, onvergene is
reahed in a few steps. However, in type-II seesaw shemes, the Yukawa ouplings run
stronger than in the type-I seesaw, thus our initial guess an sizeable deviate from the exat
Yukawa oupling values. Sine neutrino osillation data requires at least one neutrino mass
to be larger than about 0.05 eV, we do not nd any solutions for MT > 10
15
GeV.
Finally, the alulation of ross setions for the prodution of supersymmetri partiles
was done using Prospino [46℄. The input data was taken from SPheno using the SUSY Les
Houhes Aord standard format [47℄.
A. Br(µ→ e+ γ) for type-I and type-II
In Fig. 1 and Fig. 2 we show the ontours for Br(µ→ e+γ) in the m0,M1/2 plane for pure
type-I and type-II seesaw shemes, respetively. On the left panel of Fig. 1 we hose a low
value for MR = 10
13
, while on the right panel a value of 1014 GeV was hosen. In Fig. 2 the
same dependene is shown for the type-II seesaw mass saleMT . This shows the dependene
8
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FIG. 1: Contours of Br(µ → e + γ) in the m0,M1/2 plane for our standard hoie of parameters:
µ > 0, tan β = 10 and A0 = 0 GeV, for type-I with degenerate RH neutrinos. On the left panel
MR = 10
13
GeV, on the right panel MR = 10
14
GeV.
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FIG. 2: Contours of Br(µ → e + γ) in the m0,M1/2 plane for λ1 = 0.02 and λ2 = 0.5 and for our
standard hoie of parameters: µ > 0, tan β = 10 and A0 = 0 GeV, for type-II seesaw. On the left
panel MT = 10
13
GeV, on the right panel MT = 10
14
GeV.
of LFV rates on the hoie of sale MR (MT ). The ompliated features displayed on these
plots are due to anellations between the hargino and neutralino amplitudes ontributing
to µ → e + γ, as is well known [23, 34℄. First we note that large parts of parameter spae
fall within the regions of sensitivity of upoming experiments like MEG [44℄. The ontours
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for BR(µ → e γ) are deformed in type-II as ompared with respet to those for type-I
seesaw. The reason for this is that the addition of gauge non-singlet states in type-II seesaw
inreases the dependene on the renormalization sale of the neutrino Yukawa oupling and
also aets the supersymmetri spetrum, whih alters the region where BR(µ → e γ) is
strongly suppressed. For our subsequent disussion, the most important point is that for
eah point in the m0,M1/2 plane there will be a maximum value of MR (MT ) that will
give the maximum possible rates of LFV ompatible with urrent experimental bounds,
BR(µ → e γ) < 1.2 × 10−11 [42℄, or with expeted sensitivities to be reahed at upoming
experiments like MEG, BR(µ→ e γ) < 10−13 [44℄.
B. LFV stau deays
The eagerly awaited prodution of supersymmetri partiles at the LHC would open new
opportunities for the study of avour violation in the supersymmetri setor [15℄. Here we
study how the LFV deays of staus may provide valuable ross-heks of neutrino properties
determined at low energies as well as omplementary information on the origin of neutrino
mass.
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FIG. 3: Br(τ˜2 → µ+ χ01) (left panel) and Br(τ˜2 → e+ χ01) (right panel), in the m0,M1/2 plane for
our standard hoie of parameters: µ > 0, tan β = 10 and A0 = 0 GeV, for type-I seesaw, imposing
Br(µ→ e+ γ) ≤ 1.2 · 10−11.
The expeted LFV branhing ratios for τ˜2 → µ + χ01 and τ˜2 → e + χ01 depend on the
hoie of the mSUGRA parameters. After a full san over the mSUGRA parameter spae
we found that the dependene on A0 and on the sign of µ is weaker, but that the rates
dereased with inreasing values of tan β. Therefore, we hose our standard point with a
relatively low value of tan β = 10, and for deniteness took µ > 0, and A0 = 0. In Fig. 3
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FIG. 4: Br(τ˜2 → µ+ χ01) (left panel) and Br(τ˜2 → e+ χ01) (right panel), in the m0,M1/2 plane for
our standard hoie of parameters: µ > 0, tan β = 10 and A0 = 0 GeV, for type-I seesaw, imposing
Br(µ→ e+ γ) ≤ 10−13.
we show the ontour plots for the LFV deays τ˜2 → µ + χ01 (left panel) and τ˜2 → e + χ01
(right panel) in the m0,M1/2 plane for our standard hoie of mSUGRA parameters for
the simplest pure type-I seesaw sheme. One sees that there are regions in parameter
spae where the LFV deays of the τ˜2 an be as large as of order 10
−1
. In these plots the
values of MR were hosen as to obtain the maximum LFV ompatible with the present
experimental limit of Br(µ → e + γ) ≤ 1.2 · 10−11 [42℄. Also shown in these plots are the
exlusion regions oming from the LEP onstraints on SUSY masses and also the exlusion
obtained when the neutralino is not the LSP
6
. In Fig. 4 we show the same ontour plots
for Br(µ → e + γ) ≤ 10−13, whih will be ahievable in the oming experiments [44℄. Also
in this ase one observes in Fig. 4 that the LFV stau deay rates may exeed the 10% level.
Notie also that the nontrivial features present in in Figs. 3 and Fig. 4 reet the well-known
anellations between hargino and neutralino ontributions to µ→ e+ γ already disussed
above.
In Fig. 5 and Fig. 6 the same type of plots are shown for type-II seesaw. A omparison
of these gures shows that, qualitatively, the behavior is very similar for the two types of
seesaw. In both ases, the larger rates for τ˜2 → e + χ01 are more onstrained in parameter
spae than those for τ˜2 → µ + χ01. Notie however that there is an important dierene
between type-I and type-II seesaw, oming from the presene of the Higgs triplets that
ontribute sizeably to the running of the type-II beta funtions. This gets reeted in the
supersymmetri partile spetra and hene in the shapes of the red (shaded) regions in
6
Note that we did not display the onstraints oming from Dark Matter (DM) reli abundane.
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Fig. 5 and Fig. 6. One an observe, indeed, that the regions where the stau is the lightest
supersymmetri partile, as well as the regions already exluded by LEP2 are substantially
dierent for type-II seesaw, as ompared to the orresponding ones for type-I. This follows
from the modiation in the beta funtions introdued by the addition of the Higgs triplets,
makingM1 and M2 smaller in type-II than in type-I seesaw for the same value of M1/2. The
variation with the mSUGRA parameters is illustrated in Fig. 7 (type-I) and Fig. 8 (type-II)
for the parameter A0 and in Fig. 9 (type-I) and Fig. 10 (type-II) for tan β. We an see that
there is not muh variation with A0, while the rates derease rapidly with inreasing values
of tanβ. The reason for this is that BR(µ → e + γ) inreases as tan4 β, thus onstraining
more strongly the maximum attainable stau LFV rates. This eet is stronger for type-I
as an be seen by noting the dierent values for the ontour levels in Fig. 9 and Fig. 10.
The variation with the sign of µ is weak and we do not show it here. So, in summary, large
LFV rates prefer moderate values of tan β and this explains a posteriori the hoie of our
standard parameters.
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FIG. 5: Br(τ˜2 → µ+ χ01) (left panel) and Br(τ˜2 → e+ χ01) (right panel), in the m0,M1/2 plane for
λ1 = 0.02 and λ2 = 0.5 and our standard hoie of parameters: µ > 0, tan β = 10 and A0 = 0 GeV,
for type-II seesaw, imposing Br(µ→ e+ γ) ≤ 1.2 · 10−11.
C. Total prodution ross setion of χ0
2
As important as having a large branhing ratio into a LFV nal state, is to be able
to produe a large enough event sample. In order to estimate the number of LFV events
expeted at the LHC, one notes that, from Figs. 3 - 10, in the regions where the LFV is
sizeable, the diret prodution of staus at the LHC is negligible ompared to that whih arises
from asade deays of heavier neutralinos, mainly χ0
2
. We fous on the χ0
2
, beause deays
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FIG. 6: Br(τ˜2 → µ+ χ01) (left panel) and Br(τ˜2 → e+ χ01) (right panel), in the m0,M1/2 plane, for
λ1 = 0.02 and λ2 = 0.5 and our standard hoie of parameters: µ > 0, tan β = 10 and A0 = 0 GeV,
for type-II seesaw, imposing Br(µ→ e+ γ) ≤ 10−13.
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FIG. 7: Br(τ˜2 → µ+ χ01) (left panel) and Br(τ˜2 → e+ χ01) (right panel), in the m0,M1/2 plane for
standard hoie of parameters: µ > 0, tan β = 10 but dierent A0 = −300 GeV, for type-I seesaw,
imposing Br(µ→ e+ γ) ≤ 1.2 · 10−11.
suh as χ0
2
→ µτχ0
1
are sensitive to avour violation, whereas in the orresponding hargino
deays the avour information is lost. Hene we rst ompute the total χ0
2
prodution ross
setion. In the left panel of Fig. 11 we show the results for the ross setion for χ0
2
prodution
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FIG. 8: Br(τ˜2 → µ + χ01) (left panel) and Br(τ˜2 → e + χ01) (right panel), in the m0,M1/2 plane
for λ1 = 0.02 and λ2 = 0.5 and standard hoie of parameters: µ > 0, tan β = 10 but dierent
A0 = −300 GeV, for type-II seesaw, imposing Br(µ→ e+ γ) ≤ 1.2 · 10−11.
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FIG. 9: Br(τ˜2 → µ+ χ01) (left panel) and Br(τ˜2 → e+ χ01) (right panel), in the m0,M1/2 plane for
standard hoie of parameters: µ > 0, A0 = 0 but dierent tan β = 30, for type-I seesaw, imposing
Br(µ→ e+ γ) ≤ 1.2 · 10−11.
as a funtion of M1/2, for dierent hoies of m0 and for our standard hoie of mSUGRA
parameters: µ > 0, tanβ = 10 and A0 = 0 GeV, for the pure type-I mSUGRA seesaw
sheme. This hoie of mSUGRA parameters orresponds, as will be disussed below, to
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FIG. 10: Br(τ˜2 → µ+χ01) (left panel) and Br(τ˜2 → e+χ01) (right panel), for λ1 = 0.02 and λ2 = 0.5,
in the m0,M1/2 plane for standard hoie of parameters: µ > 0, A0 = 0, but dierent tan β = 30,
for type-II seesaw, imposing Br(µ→ e+ γ) ≤ 1.2 · 10−11.
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FIG. 11: Prodution ross setion (at leading order) of χ0
2
versus M1/2 for varying m0, and for our
standard hoie of parameters: µ > 0, tan β = 10 and A0 = 0 GeV, in type-I seesaw (left panel)
and type-II seesaw (right panel) for λ1 = 0.02 and λ2 = 0.5.
the ase where the branhing ratios of the LFV stau deays are the largest. This result
was obtained using the Prospino ode [46℄ at Leading Order (LO) approximation. We have
heked that the Next to Leading Order (NLO) alulation only hanges the results slightly,
due to an appropriate hoie of the renormalization sale [46℄. So, in all ross setions
presented here, we only used the LO approximation. The orresponding results for type-II
seesaw are shown in the right panel of Fig. 11, for the same hoie of mSUGRA parameters
and for λ1 = 0.02 and λ2 = 0.5.
15
D. Total prodution of χ0
2
times BR to µ-τ lepton pair
In order to get an estimate of the expeted number of LFV events at the LHC we now
use a ombination of the Prospino and SPheno odes to evaluate the produt of the χ0
2
prodution ross setion times the branhing ratios into LFV proesses. One we know the
luminosity at LHC we an multiply it with the above produt to get the number of events.
In Fig. 12, we have plotted, for type-I seesaw (left panel) and type-II (right panel), the
prodution ross setion at leading order of the seond lightest neutralino σ(χ0
2
) times the
BR of χ0
2
going to the opposite-sign dilepton signal χ0
1
µ τ as a funtion of M1/2, for dierent
values of m0. We have xed the rest of the mSUGRA parameters to our standard mSUGRA
point and imposed an upper limit on Br(µ → e + γ) ≤ 1.2 · 10−11. In type-I seesaw, the
number of events of the opposite-sign dilepton signal χ0
2
→ χ0
1
µ τ an be of the order of 103
for m0 ∼ 100 GeV and M1/2 ∼ [450, 600] GeV, assuming a luminosity L = 100 fb−1. In
type-II seesaw, there an be a maximum number of events of the order of 103 for m0 ∼ 100
GeV and M1/2 ∼ [600, 800] GeV.
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FIG. 12: Prodution ross setion (at leading order) of χ0
2
times BR of χ0
2
going to µ-τ lepton pair
versusM1/2 for m0 = 100 GeV (red), 200 GeV (green), 300 GeV (blue) and 500 GeV (magenta), and
for our standard hoie of parameters: µ > 0, tan β = 10 and A0 = 0 GeV, for type-I (left panel) and
for type-II seesaw (right panel) with λ1 = 0.02 and λ2 = 0.5, imposing Br(µ→ e+ γ) ≤ 1.2 · 10−11 .
For type-II seesaw where we have less parameters, we an look at variations of the re-
sult with the values of the triplet Higgs boson oupling λ2, a parameter that an not be
determined from neutrino data alone as it appears only in the ratio λ2/MT , see eq. (9). In
Fig. 13 we show the dependene of the produt of ross setion times LFV branhing ratios
as funtion of λ2 for our standard point. We should mention that the other Higgs boson
triplet oupling λ1, does not ontribute to LFV deays, and hene is left undetermined by
this analysis.
As has been disussed in [48℄, the dominant standard model bakgrounds for the proess
onsidered are expeted to be WW and tt¯ prodution. The uts neessary to redue this
bakground will depend on the details of the SUSY spetrum and a detailed investigation is
beyond the sope of this paper. The results of [48℄ suggest that the signal should be visible
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FIG. 13: Prodution ross setion (at leading order) of χ0
2
times BR of χ0
2
going to µ-τ lepton pair
versus M1/2, for our standard hoie of parameters: µ > 0, tan β = 10 and A0 = 0 GeV, for type-II
seesaw, imposing Br(µ → e + γ) ≤ 1.2 · 10−11, for a xed value of m0 = 100 GeV and dierent
values of λ2 = 0.1 (green), 0.5 (red), 0.9 (blue).
for σ(χ0
2
)×BR of order O(10) fb.
IV. CONCLUSIONS AND OUTLOOK
Low energy neutrino experiments, inluding osillation studies and neutrinoless double-
beta deay searhes may, optimistially, determine at most 9 neutrino parameters: the
3 neutrino masses, the 3 mixing angles and potentially the 3 CP violating phases. This
is insuient to fully reonstrut the underlying mehanism of neutrino mass generation.
Under the assumption that neutrino masses arise a la seesaw, we have onsidered the simplest
pure type-I or pure type-II seesaw shemes in mSUGRA.
We have performed a full san over the mSUGRA parameter spae in order to identify
regions where LFV deays of χ0
2
an be maximal, while still respeting low-energy onstraints
that follow from the upper bounds on Br(µ → eγ). We have also estimated the expeted
number of events for χ0
2
→ χ0
1
+τ+µ, for a sample luminosity of L = 100 fb−1. The expeted
number of events for the other hannel χ0
2
→ χ0
1
+τ+e is always smaller, as an be seen from
the LVF branhing ratios presented in setion III B. We have found that the pure seesaw-
II sheme is substantially simpler and omes loser to be fully reonstrutable, provided
additional LFV deays are deteted and some supersymmetri partiles are disovered at
the Large Hadron Collider.
Note that in what onerns the expeted maximum number of events both type-I and
type-II shemes give similar results. However, as we have seen, given their smaller num-
ber of parameters, type-II seesaw shemes are more likely to be reonstrutable through a
ombination of low energy neutrino measurements, with the possible detetion of supersym-
metri states and lepton avour violation at the LHC. This should enourage one to perform
full-edged dediated simulations, in order to asertain their feasibility within realisti ex-
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perimental onditions [15℄.
Finally we note that we have not exploited the fat the LFV might indue new edge
variables, giving additional information [49℄. We have foused here on LHC, but mention
that a future ILC would be muh more suited for measuring LFV SUSY proesses [29, 50,
51, 52, 53, 54, 55℄.
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